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activities are of risks for the environment and the villagers occupying this land. Over the years, the possibility of sites not being productive cannot be overruled; hence, there may be a need for miners to relocate to other greener pasture leaving the sites with all that have been excavated over the years. Abandoned mining sites may be of profitable economic values in the nearest future by converting them to farm settlement, fish ponds and industries. Appreciable work has been done on abandoned mining sites in developed counties with little done in developing countries like Nigeria. Ndalulilwa et al. [1] in their study identified 157 abandoned mines with only a handful monitored to determine the contamination and safety level of the sites. Francie [2] reported 520 open abandoned mines contrary to the public report of 1300 abandoned mining sites. In the study, it was reported that private companies mined over 400,000 tones of uranium ore during cold war in Najavo nation, and after the war, the companies are said to abandon the mines as they were. It was also reported that environmental protection agency (EPA) contractors reported radiation level at the mines to be higher than EPA Geiger counter could read. The mines exposed Navajo nation residing close to the mines to airborne dust, contaminated drinking water and many residents' homes were built using mud and rocks near the mines that are reported to be radioactive. John [3] in his work to educate the land manager agencies saddled with the responsibility of handling radioactive sites in their lands reported that national park service identified 44 abandoned uranium sites. His work was largely on educating the land manager agencies on the fundamental concept of radioactivity, environmental characterization methods, data interpretation, risk characterization and assessment and appropriate risk communication. Premium Times [4] reported 1200 abandoned mining sites in Nigeria and these sites if radiologically safe, may be used for building companies that will employ the youth in the nation; abandoned sites may be used for farming, housing, and fish pods. The question that begs for an answer is how safe (radiologically) are these abandoned sites for the public as their virgin characteristics have been modified due to human activities. This suggests the impetus for the study that is aimed at estimating the dose level for 70 years. Vast land of abandoned sites that may be reused for other beneficial purposes that can be of economic values abounds in the selected mining locations. The result of this study will serve as a baseline for future study in the selected area and to the best of the knowledge of the researcher; there has not been any study in the area on dose prediction for safety and economic values for the selected mining sites. The study is aimed at prediction of dose levels at the sites for a period of 70 years using RESidual RADioactivity (RESRAD) software.
MATERIALS AND METHODS

Description of the study location
The study locations are Komu (KO), Sepenteri (SP), Gbedu (GB), and Eluku (EL) villages in Itesiwaju, Saki East, Iwajowa, and Saki Local Government areas, respectively, all in Oke-Ogun, Oyo State, Nigeria. Oke-Ogun (Latitude 8° 00'00''N-8° 39'00'' N and Longitude 2° 56'00''E-3° 46'00''E) is a populated place in Oyo State with a population of 1.4 million according to 2006 census. It is located at an elevation of 188 m above sea level (Oke-Ogun map). [5] The residents in the selected mining areas are largely artisan miners and farmers. The location map and the drainage maps are shown in Figures 1 and 2 , respectively. The drainage map shows that the water channels are enormous, thereby making the radionuclides from the effluents from the sites to easily access the food chain. Figure 3 shows the Geological map for the study area.
Sample collection and preparation
Seventeen (17) soil samples were collected from the four selected mining sites which are in Oke-Ogun, Oyo State. Figure 1 shows the various locations where the samples were collected. On site, the samples were collected in big paper envelopes and labeled with identification names indicating the mining locations. The samples were air-dried for 5 days, pulverized, and homogenized. The pulverized samples were later transferred into cylindrical plastic containers (500 ml), sealed, and kept for about a month to achieve secular radioactive equilibrium between 226 Ra and progenies.
Specific activity determination
The soil were analyzed using a high purity germanium detector (HPGe) at the National Institute of Radiation Protection and Research of University of Ibadan.
Instrumentation for high pure germanium spectrometer
Hyper purity germanium (HPGe) detector was used for counting and detection of radionuclide contents of all the samples. The detector has a depleted, sensitive thickness of several centimeters and therefore can be used as a total absorption detector for gamma rays up to few MeV. When the detector is cooled to liquid nitrogen temperatures (77 Kelvin), it produces spectroscopic data and pulses proportional to the captured photon energies. The HPGe detector used is a P-type and has a diameter of 78 mm, length of 69.8 mm, 16 K channels with relative efficiency of 80%, and a resolution of 2.3 keV at the 60 Co line of 1.33 MeV. The spectrometer was equipped with the necessary electronics. Counting time was 10,800 s for the acquisition of the spectrum from samples. Multigamma ray standard source (mgsAm241) was used for the equipment calibration. Standard point sources' gamma emitters used for the energy calibration to determine the radionuclide present in the samples within a wide range of photopeaks and efficiency calibration was done using volume source of the same geometry as the samples in determining the activity concentration of the radionuclide present in the samples. RESidual RADioactivity Software -a tool for dose prediction at mining sites RESRAD software version (6.5) -a computer program developed by the Environmental Assessment Division of Argonne National Laboratory, first released in 1989 -was used for dose prediction for 70 years using the activity concentrations of soil samples from all the selected sites as stated by Bruce. [6] For the work scenarios in the study, potential radiation exposure pathways include direct exposure to external radiation from the soil, internal radiation from inhalation of dust, and internal radiation from inadvertent ingestion of contaminated soil. RESRAD performs calculations for external irradiation, ingestion, and inhalation of radionuclides using dose factors published by EPA [7] in Federal Guidance report No. 12 from 1993 and dose conversion factors by International Commission of Radiological Protection, 72 [8] as summarized in its publication 72 entitled Age-dependent doses to the members of the public from intakes radionuclides: Part 5 compilations of ingestion and inhalation coefficients respectively [ Table 1 ].
Predicted doses are estimated with respect to the three exposure pathways, and the dose summation of all the pathways was also estimated by the software.
Validity of RESidual RADioactivity Software
The validity of the RESRAD software was checked using equations (1) and (2) below with occupancy factor of 0.3 which describes the period of stay of the artisan miners in mining sites. The results of the two approaches for estimating the radiological parameters is given in Table 2 (Validity of software). The purpose for using equation (1) is only to show the validity of the software (RESRAD).
Annual effective dose
The annual effective dose H e can be calculated from equation (1) , where H e is the annual effective dose rate in mSvy −1 , D is the value of absorbed dose rate calculated, T is the occupancy time (T = f × 24 × 365.25 h year −1 ), f is the occupancy factor with value of 0.3 because the miners spend 8 h out of 24 h at the mining site for outdoor measurement, and F o is the conversion factor (0.7 SvGy −1 ) UNSCEAR. [9] H e = DTF o (1)
RESULTS AND DISCUSSION
The section presents the results of the study.
Result of soil analysis using RESidual RADioactivity Software for dose prediction mining sites for safety and economic value of the sites
The section presents the predicted dose for 70 years. The dose prediction for the future is to ascertain the safety of the sites for any other future uses if the sites were to be used for other purposes.
For GB site, the predicted dose for all the pathways is 0.08 mSv/y and is lower than permissible limit of 0.25 mSv/y set by National Research Council.
[10] Table 3 shows the average activity concentrations of the radionuclides in the soil samples from the selected sites. Tables 4 -7 shows the predicted doses for the sites. The highest dose is the pathway of exposure to external gamma radiation from radionuclide in the soil (0.06 mSv/y) and lowest exposure pathway of inhalation of dust (0.0 mSv/y). The radioactivity of 40 K is lower than that of 226 Ra and 232 Th; hence, the contribution of 40 K to the different exposure pathways is lower despite its high activity concentration (676.31 Bq/kg).
The sum of the activity concentrations of all the radionuclides is 803.7 Bq/kg and this resulted in the predicted of 0.08 mSv/y.
For EL mining site, the predicted dose for all the pathways is 0.30 mSv/y and is higher than 0.25 mSv/y. The highest dose is the pathway of exposure to external [9] 177.78 0.33 RESRAD [6] software 177.78 0.31 For KO mining site, the predicted doses for all the pathways are 0.07 mSv/y and are higher than the permissible limit of 0.25 mSv/y. The highest dose is the pathway of exposure to external gamma radiation from radionuclide in the soil (0.07 mSv/y) and lowest is the exposure pathway of inhalation of dust (0.0 mSv/y).
RESRAD: RESidual RADioactivity
Finally, for SP site, the sum of predicted dose for all the pathways is 0.15 mSv/y and again the highest for external gamma radiation (0.15 mSv/y). In general, this may be due to the large quantity of naturally occurring radionuclides in soil that the miners interact with during the work activities at the site. In summary, for the next 70 years, the mining site may not be of negative health effect to the miners as a result of radioactivity from the soil since the predicted dose is less than the permissible limit of 0.25 mSv/y.
CONCLUSIONS
In general, external radiation of the miners to radionuclides in soil samples from all the mining sites seems to contribute the highest dose while inhalation of dust has the lowest values. The activity concentrations of Ra-226, Th-234, and K-40 is highest in EL, GB, and KO sites with values -176.90 Bq/kg, 106.49 Bq/kg, and 1666.16 Bq/kg, respectively. Sites of GB, KO, and SP are safe for other uses if mining activities stop in the far future (70 years). However, site EL seems to be safe radiologically for other uses in the future since the predicted dose with a value of 0.30 mSv/y is marginally greater than the permissible limit of 0.25 mSv/y and is also within the errors of measurements. Fraction: Fraction of the radionuclides that contributed to the exposure pathways 
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